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ABSTRACT 

Forage production and longevity of alfalfa (Medicago sativa L.) 

are reduced by the effect of the fungus Phytophthora megasperma Drechs. 

in irrigated alfalfa fields located in Central Mexico. There are no 

resistant alfalfa cultivars adapted to this region. Phytophthora root 

rot was found in irrigated fields at elevations between 1600 to 2000 m. 

Strains of this fungus isolated from soil collected in Mexico were more 

virulent than one strain from Arizona. Four alfalfa cultivars of 

Mexican origin, Certified Hayden, and Hayden PX-III, an experimental 

cultivar resistant to strains of P_. megasperma from Arizona, were 

susceptible to £_. megasperma Bajio strain collected in Central Mexico. 

Following two cycles of phenotypic recurrent selection, the level of 

resistance to Phytophthora root rot was increased from 5.6% to 22.8% in 

the new population originating from the cultivar INIA-76 and 12.8% to 

30.6% in the new population originating from the cultivar Hayden PX-III. 

viii 



INTRODUCTION 

Root rot diseases are considered a major alfalfa problem 

reducing forage yield and longevity of this legume in Central Mexico, 

where approximately 100,000 hectares are being grown. The temperate 

climate, type of soil, and irrigation practices used in this location 

provide an excellent environment for the development of several root rot 

diseases of alfalfa for which chemical control is impractical (27). 

Preliminary observations ?n affected fields indicated that Phytophthora 

megasperma Drechs. was one of the important causal organisms responsible 

for this root rot problem. 

Most of the alfalfa fields in this area are sown with varieties 

imported from the United States such as "Moapa," "Mesa-Sirsa," 

"Joaquin 11," and "Aragon" from Spain. Smaller areas utilize local 

varieties such as "INIA-76" and Bajio-76." However, none of these 

varieties has shown acceptable levels of resistance to this disease. An 

alfalfa breeding program has been initiated in collaboration with The 

University of Arizona to train personnel, and to produce cultivars that 

are resistant to Phytophthora root rot and are adapted to the environ

mental conditions of Central Mexico. A second phase of the program will 

be to determine the type of inheritance of resistance to JP. megasperma. 

Phenotypic recurrent selection has been one of the most 

appropriate breeding systems for developing tolerance to P_. megasperma 

in alfalfa (26,49). Also, laboratory techniques for isolation of the 
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organism and inoculation of the host have been described by several 

researchers (7,17,26,30,34,50,51). 

The purpose of this investigation was to: (1) establish the 

distribution pattern of P_. megasperma on alfalfa in Central Mexico; 

(2) compare the pathogenicity of strains isolated from Mexico with 

strains isolated in Arizona*, and (3) develop resistance to P_. megasperma 

in alfalfa cultivars originating from Central Mexico. 



LITERATURE REVIEW 

Phytophthora megasperma Drechs. was first described in 1931 as 

a parasite of the hollyhock (Althaea rosea Cav.) in the District of 

Columbia (6). Twenty-three years later, Erwin (9) reported Phytophthora 

cryptogea Pethbridge and Lafferty, as the causal organism of 

Phytophthora root rot in alfalfa. The same author, in 1966, reclassi

fied this fungus as Phytophthora megasperma. After the first reports 

of the occurrence of Phytophthora root rot affecting alfalfa fields in 

California, it has been reported widely distributed in the United States 

(3,8,9,13,22,27,49), Canada (30,15,4), Australia (24,42,48), Japan (35), 

and recently in Mexico (1). 

Phytophthora root rot causes more damage where alfalfa is 

irrigated by flooding. The disease is favored by free water in the soil 

resulting from irrigation, abundant rainfall, or inadequate drainage. 

The disease can be particularly devastating to seedling stands, but may 

also cause severe stand loss in established fields (16). Generally, 

this root rot disease has been found in clay, clay loam, silty clay, 

and less frequently on sandy loam texture soils (10,39,42,48), that are 

poorly drained, heavily irrigated, or with excessive rainfall. The 

optimum average soil temperature for infection of Phytophthora 

megasperma in the field is between 24° to 27°C (16). 

In synthetic liquid medium, fungal growth was optimum at 21° to 

27°C, with a slight drop at 30°C and little or no growth at 33°C (11). 

3 
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Severe seedling infection in the greenhouse has been reported at soil 

temperatures between 15° and 27 °C with little or no infection above 30°C 

or below 15°C (11,12,39,40). However, Ribeiro, Erwin, and Kahn (43), in 

southern California, reported a high temperature isolate (HTI) that 

produced severe rot at temperatures between 29° to 32°C. 

Symptoms of Phytophthora root rot have been described as 

follows: Infected plants wilt, and the foliage, particularly the lower 

leaves, becomes yellow. Regrowth of diseased plants is often slow after 

cutting. Lesions with diffused margins on the tap roots are yellow to 

brown and usually start where a lateral root emerges. The yellow 

discoloration of tissue which extends through the root cortex into the 

xylem tissue is a diagnostic feature of the disease. Tap roots of 

numerous surviving plants in the field may be rotted off at various 

depths, and if conditions do not favor the pathogen, new roots form 

(9,16). 

Marks and Mitchell (32), studying the reaction of alfalfa to 

root rot caused by Phytophthora megasperma, reported that plants having 

roots with large-diameter central steles survived better in infested 

soil than plants with small diameter steles. Tolerant selections also 

produced more lateral roots with large-diameter central steles. They 

also described the penetration of the fine roots of alfalfa by 

Phytophthora megasperma, concluding that zoospores which were encysted 

on the root tips directly penetrated the host by a small infection 

peg (33). 



5 

The species P_. megasperma Drechs. includes several morphologi

cally and pathogenically different forms. Both pathogenicity (21) and 

size of oogonia (38,53) have been used as criteria for subgrouping 

(21,38,53). Waterhouse (54) separated £. megasperma into two morpholog

ical varieties based on size of oogonia: Isolates with smaller oogonia 

were designated as P_. megasperma var. sojae, and those with larger 

oogonia were designated as P_. megasperma var. megasperma. However, Kuan 

and Erwin (26) reported that if all P_. megasperma isolates with small 

oogonia were classified as P_. megasperma var. sojae, regardless of host, 

there would be confusion because isolates from alfalfa, soybean, and 

sugarcane differ pathogenically, even though they all have small 

oogonia. They proposed, after studying the variation in pathogenicity, 

morphology, and size of sexual reproductive structures of six isolates 

of JP. megasperma from alfalfa, that IP. megasperma attacking alfalfa be 

subdivided into megasperma f. sp. medicaginis. They also concluded 

that isolates from alfalfa were pathogenic only to alfalfa. These 

results are supported by the findings of Hamm and Hansen (18) working 

with 28 isolates of P_. megasperma from Douglas fir, alfalfa, and soybean. 

They reported that isolates from alfalfa and soybean were pathogenic 

only to their respective hosts. 

Differences in virulence among isolates of £_. megasperma from 

alfalfa, collected in different ecological areas, have been reported, 

as well as similarities among isolates from similar locations. Welty 

and Busbice (55) found that isolates from North Carolina were less 

virulent than an isolate from Minnesota. Hine et aj_. (23) reported 
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that resistant alfalfa genotypes were resistant to isolates of 

Phtyophthora from different areas in Arizona. Pratt and Mitchell (39), 

working with five isolates of P_. megasperma, each from different 

counties in Wisconsin, concluded that virulence of isolates was not 

related to geographic areas of origin and did not suggest the existence 

of different pathogenic races. Hanson (19), after a review of various 

studies of inheritance in different alfalfa diseases, concluded that 

resistance is usually conditioned by a small number of genes with 

incomplete dominance. This statement is in agreement with the results 

of Lu, Barnes, and Frosheiser (28), who studied the inheritance'of 

£_. megasperma root rot resistance in alfalfa and determined that 

resistance appeared to be conditioned by one tetrasomic gene with 

incomplete dominance. Also, they reported that resistance in Lahontan 

and Vernal alfalfa appeared to be controlled by the same gene. 

Since the discovery that P_. megasperma caused root rot in 

alfalfa, various greenhouse, field, or combination of both screening 

techniques to find resistance, have been developed. In 1966, Erwin 

(11), working with different Phytophthora megasperma isolates, 

suggested that inoculated plants, 1 to 12 months of age, gave better 

results since seedlings of all varieties were nearly or completely 

eliminated by preplant inoculation of the soil. Erwin's technique, with 

little variation, has been followed by various workers (2,14,24,36,37, 

49,55). In 1973, Gray et al_. (17) reported a technique in which 

alfalfa seedlings were selected by seeding directly into flats 

containing infested soil. Their results from several tests showed that 
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after 14 days in inoculated, saturated soils, 79% to 98% of the seedlings 

of Certified Hayden were eliminated, whereas only 20% of the seedlings 

from the first cycle of selection for resistance from Hayden were 

killed. However, other results did not agree with those of Gray et al. 

(17). Irwin (25) reported that nearly complete pre-emergence damping-

off occurred when seed were germinated in planting mixes infested with 

P.. megasperma and the soil moisture was maintained at a high level. 

Welty and Busbice (55) found no evidence of disease resistance when 

plants were exposed to the fungus during germination and emergence. 

Thus, the results of Welty and Busbice's tests are in agreement with 

those of Erwin (11). However, Irwin (25) reported that alfalfa 

cultivars could be screened in the early seedling stage for mature 

plant resistance, conditioned by inoculum concentration and the length 

of exposure time to the pathogen under disease development conditions. 

He also suggested that by delaying saturation of the planting mix until 

4 days after sowing, pre-emergence damping-off was eliminated. Field 

selection techniques have been reported by Rogers, Irwin, and Stovald 

(44). They suggested that after three cycles of recurrent mass 

selection, the level of resistance of Phytophthora root rot was 

increased by 44.4%. Frosheiser and Barnes (14) concluded that 

Phytophthora resistance evaluation made in the greenhouse and in the 

field were almost perfectly correlated. Teuber (49), working in New 

Mexico with two populations of alfalfa, was unable to make progress by 

field selection. Frosheiser and Barnes (14) in Minnesota, and Bray and 

Irwin (2) in Australia, recommended a combination of greenhouse and 
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field selection for resistance to Phytophthora root rot to produce a 

rapid increase in the level of disease resistance. Frosheiser and 

Barnes (14) increased the percentage of resistant plants from 10% in the 

first cycle to 63% after three cycles of selection, while Bray and Irwin 

(2) reported an increase in resistance of 37% in the second generation. 

Pratt (41) proposed a cotyledon inoculation technique as a simple means 

for screening alfalfa lines for resistance to P_. megasperma. A majority 

of workers have shown that by using one or more of the selection 

techniques described above, a rapid increase in the level of resistance 

to Phytophthora root rot could be attained (Table 1). Lueschen et al. 

(29), after studying the effect of Phytophthora root rot resistance on 

forage production, suggested that a minimum of 60% resistant plants may 

be necessary for a cultivar to provide an adequate amount of protection 

under severe Phytophthora root rot conditions. 

Marks and Mitchell (31) described an alfalfa seedling baiting 

technique for detecting P_. megasperma in soils. They floated six 

3-day-old alfalfa seedlings in a 90 mm petri dish containing 30 cc of 

soil, and covered this to a depth of 2 to 3 mm with 35 to 40 ml of 

distilled water. The dishes were incubated at 20° to 22°C for 6 days. 

F\ megasperma is sometimes difficult to isolate by direct transfer of 

infected root pieces into agar media. The difficulty encountered with 

this procedure arises from the slow growth of certain Pythiaceous 

species in contrast to the rapid, and often antagonistic, development 

of associated fungi and bacteria (7). Different, media have been 

reported to be useful for isolation of P_. megasperma from infested roots 
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Table 1. Selection techniques, cycles of selection, and selection 
progress to develop resistance to Phytophthora megasperma in 
alfalfa.* 

Author 
Selection 
Techniques 

Cycles 
of 

Selection 

Selection 
Progress 
Percent 

Hine et al. Greenhouse 2 83 

Teuber Greenhouse 2 10 

Bray and Irwin Greenhouse and Field 2 37 

Froshesier and Barnes Greenhouse and Field 2 50 

Teuber Field 2 0 

Rogers Field 3 44 

*Compiled from (2,14,23,44,49). 
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and soil. Eckert and Tsao (7) reported the 3P selective antibiotic 

medium (containing 100 p.p.m. pimaricin and 50 p.p.m. each of penicillin 

and polymyxine) for isolation of Phytophthora and Pythium spp. from plant 

roots. However, in 1966, Tsao and Menyoung (51) reported that the 3P 

medium reduced in varying degrees the mycelial growth of certain 

Phytophthora spp. and proposed the use of vancomycin as a substitute 

for penicillin and polymyxine as the antibiotic agent, into Difco 

cornmeal agar medium containing pimaricin at 100 p.p.m. and vancomycin 

HCL at 200 p.p.m. (PV medium) to effectively isolate Phytophthora sp. 

from infected plant tissue and soil. Later in 1969, Tsao and Ocana 

(52) developed an improved selective antibiotic medium P10PV by 

modifying Tsao and Menyoung PV medium in the following way: A cornmeal 

agar (Difco), 17 g/1, was supplemented with pimaricin, vancoymcin, and 

pentachloronitrobenzene (PCNB) at 10, 200, and 100 p.p.m., respectively. 

This medium permits direct isolation of several species of Phytophthora. 

Schmitthenner (45), using the inverted-agar technique described by 

Sleeth (46), isolated P_. megasperma from diseased roots of alfalfa 

seedlings in the absence of Pythium spp. 

Most of the selective media described for the direct isolation 

of Phytophthora spp. from soil and plant tissue allow the growth of 

Pythium spp. which often are present in soil and infected tissue, and 

make pure cultures of Phytophthora difficult to obtain. In 1977, 

Masago et ak (34) reported a selective medium for Phytophthora spp. 

that prevented development of Pythium spp. and other fungi and bacteria, 

thus permitting direct isolation of Phytophthora spp. from soil and 
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plant tissue. The main component of this medium is 3-hydroxy-5-

methylisoxazole (Hymexazol) incorporated into a potato-dextrose agar at 

25 and 50 jjg/ml containing benomyl, nystatin, pentachloronitrobenzene, 

rifampicine, and ampicillin at 10, 25, 25, 10, and 500 yg/ml, respec

tively. The same year, Tsao and Guy (50) confirmed the results of 

Masago et aK (34) by incorporating Hymexazol into Phytophthora-

isolation medium P10VP, and reported Pythium inhibition and improved 

Phytophthora recovery from various non-sterile soils. 



MATERIALS AND METHODS 

Distribution of Alfalfa Root Rot 
Caused by P. megasperma in Central Mexico 

A survey was conducted by the author during August 1977, and 

1978 to determine the presence of Phytophthora root rot of alfalfa in 

the states of Aguascalientes, Guanajuato, Hidalgo, Michoacan, Estado de 

Mexico, and Queretaro. Locations consisted of irrigated and non-

irrigated fields ranging in elevations from 400 to 2600 m at latitudes 

north from approximately 19° to 22° in Central Mexico. A total alfalfa 

area of approximately 45,000 hectares was surveyed during the 2-year 

period. Plants with typical above-ground symptoms were removed from the 

soil. Infected tap roots were examined for lesions typical of 

Phytophthora. Isolations were made from infected roots using a 

previously described technique (7). Soil samples were collected from 

soil adjacent to infected tap roots, placed in plastic bags, and taken 

to the Departments of Plant Pathology, and Soils, Water and Engineering 

at The University of Arizona, Tucson, Arizona. P_. megasperma was 

isolated from soil samples using an alfalfa seedling-baiting technique 

(31). Soil texture was determined by the Hydrometer method of particle-

size analysis with minor modifications described by Day (5). Observa

tions in the field were made to determine geographical distribution of 

the disease, elevation, and latitude of the surveyed fields, cropping 

history of the fields, cultivar, and irrigation practices. 
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Statistical Analysis Procedure 

All experimental data were recorded as percent seedling survival 

and transformed to arcs in (/percentage) for statistical analysis using 

standard analysis of variance procedures (47). However, actual percent 

survival is shown in the summary tables and all statements regarding 

statistical significance apply to the percent data. Mean separations 

were made by Newman-Keul's test (20). 

Pathogenicity of Isolates of P. megasperma 

Isolates of P.. megasperma collected from Central Mexico and 

Arizona were maintained on V-8 agar (100 ml Campbell's V-8 juice, 900 

ml distilled water, and 20 g Difco agar). Inoculum was produced by 
o 

transferring 0.5 cm pieces of the V-8 agar containing mycelium of P_. 

megasperma to 500-ml flasks containing 100 ml of sterilized V-8 liquid 

medium (100 ml of Campbell's V-8 juice and 900 ml of distilled water). 

The bottles were stored at room temperature for 4 to 5 weeks to allow 

multiplication of the fungus. Fungal hyphae and oospores were collected 

by screening, and varying inoculum levels were adjusted by diluting the 

mycelium and oospore suspension in water and determining light trans-

mi ttance of 27%, 80%, and 97% with the use of a Spectronic 20® 

spectrophotometer. This formed the basis for the studies on effects of 

rate of inoculum on alfalfa seedling survival. This was evaluated by 

inoculating the soil (pasteurized sand and Gila silt loam 1:1 V/V) with 

the three inoculum concentrations, and planting seed of the cultivar 

INIA-76. A randomized complete-block design was used with four 

replications. A plot consisted of a greenhouse flat (60x40x8 cm) with 



six rows and 100 seed per row. Soil was irrigated twice each day for 

2 weeks. Greenhouse temperatures ranged from 20° to 25°C. Seedling 

stand counts were made periodically and compared with counts in 

uninfested soil (check). This established the inoculum concentrations 

to be used in subsequent tests. 

The relative pathogenicity of the strains of P_. megasperma used 

in this test was determined by applying inoculum to six alfalfa 

cultivars. Production of inoculum and plant growing procedures were as 

described above. In the first test, the Bajio strain collected in 

Guanajuato, Mexico, was compared with the Douglas, Arizona, strain on 

Bajio-76, INIA-76, Puebla-76, Mixteca-76 (four susceptible cultivars of 

Mexican origin), Certified Hayden, and Hayden PX-III, an experimental 

alfalfa derived from Certified Hayden after three cycles of selection 

for resistance to P_. megasperma. A split-plot experimental design was 

used with four replications. Main plots were strains of inoculum and 

subplots were cultivars. After 4 weeks of growth, the survival 

percentages were recorded and the data transformed to arcsin (/percentage) 

for statistical analysis. 

In the second pathogenicity test, the Bajio strain was compared 

with the Refugio strain of megasperma, also collected in Guanajuato, 

Mexico, using the susceptible cultivar INIA-76. The same inoculum 

preparation, plant growth conditions, method of collecting data, and 

statistical procedures were used as described above. The experimental 

design was a randomized block with four replications. Plot size was a 

single row seeded with 100 seeds. 
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Selection of Plants Resistant to P. megasperma 

The initial screening test involved six alfalfa cultivars: 

Bajio-76, INIA-76, Puebla-76, Mixteca-76, Certified Hayden, and Hayden 

PX-III, inoculated with the Bajio strain of P. megasperma. Inoculum 

preparation, plant growth conditions, and statistical procedures were 

as previously described except excessive irrigation was stopped after 

about 6 days. The intensity of selection pressure was reduced in order 

to have a larger number of surviving plants, so as not to drastically 

reduce the genetic base of the selected material. The experimental 

design was a randomized block with eight replications. A plot consisted 

of 100 seeds planted of a single cultivar. 

Surviving plants of each cultivar were transplanted into pots, 

and kept in the greenhouse for approximately 40 days. After that time, 

the selected plants were labeled and transplanted into crossing blocks 

in the field. A crossing block consisted of all selected plants from a 

single cultivar source. When the plants started blooming, each block 

was caged and a colony of honeybees was inserted for pollination. Mature 

seed was harvested from individual plants for subsequent progeny testing. 

An equal quantity of seed from each plant was composited to represent 

the first cycle of selection. Plants represented in the progeny test 

were 15 from INIA-76, 15 from Hayden PX-III, five from Puebla-76, and 

five from Bajio-76. Certified Hayden and Mixteca-76 were dropped from 

further testing due to insufficient seed from surviving plants from 

these two sources. 



Separate tests were conducted to evaluate the progeny of 

selected plants from INIA-76, Hayden PX-III, Puebla-76, and Bajio-76. 

However, the evaluations were in the same time period and under the same 

greenhouse environment. Data were collected on surviving plants as 

before, and the same statistical procedures utilized. The experimental 

design was a randomized block with three replications with the INIA-76 

and Hayden PX-III populations, and four replications with the Puebla-76 

and Bajio-76 populations. Vigorous and disease-free plants were 

selected from each population. These plants also were transplanted into 

pots and held in the greenhouse for approximately 40 days before 

transplanting into crossing blocks in the field for seed production. 

Each crossing block represented a specific cultivar and 

contained eight plants from each progeny line having significantly 

greater disease resistance than its parental population. When the 

plants started blooming, the crossing blocks were caged and a hive of 

honeybees inserted for pollination. Mature seed from each crossing 

block was bulked to represent the second cycle of selection. 

Selection Progress 

The final test included parental cultivars INIA-76 and Hayden 

PX-III, first cycle selected populations, and second cycle selected 

populations from each cultivar. Inoculation and plant growth conditions 

were as before. The experimental design was a randomized block with 

five replications. Data were obtained on the number of surviving 

seedlings, and statistically analyzed as previously described. 



Selection progress was determined by comparing the selected populati 

with the unselected parental populations. 



RESULTS AND DISCUSSION 

Distribution of Alfalfa Root Rot 
Caused by P. megasperma in Central~~Mexico 

Phytophthora megasperma was found in about 25% of the 28 soil 

samples collected from the alfalfa-growing areas of Central Mexico. It 

was distributed over about 50% of the area sampled. The organism was 

present in locations 11 to 18, but not in locations 1 to 10 or 19 to 28 

(Table 2; Figure 1). The principal factors determining the presence or 

absence of the organism appeared to be elevation, temperature, and amount 

of soil moisture. Phytophthora root rot was found in irrigated fields 

at elevations between 1600 and 2000 m, generally with an average annual 

temperature of 20 C, and with soil textures classified as clay, clay 

loam, and sandy loam. The fungus was not found at elevations above or 

below this range on irrigated fields or similar soil textures (Table 3; 

Table Al). This could be associated with temperature and irrigation as 

the higher elevations are generally cooler than lower elevations. This 

study showed that the organism responsible for Phytophthora root rot of 

alfalfa was present in much of the soil of Mexico's major alfalfa 

production region of Central Mexico. 

Pathogenicity of Isolates of P. megasperma 

Once the distribution of the fungus strain was determined, it 

was necessary to develop inoculation techniques to establish whether or 

not the fungus strain isolated from Central Mexico was different from or 
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Table 2. Presence and absence of Phytophthora megasperma at different 
locations in Central Mexico. 

Sample Number Location Presence or Absence 

1 Antunes, Mich. . 
2 Antunes, Mich. -

3 Zacapu, Mich. -

4 Zacapu, Mich. -

5 Zacapu, Mich. -

6 La Piedad, Mich. -

7 Yurecuaro, Mich. -

8 La Piedad, Mich. -

9 San Miguel, Gto. -

10 Queretaro, Qro. -

11 Abasolo, Gto. + 
12 La Piedad, Mich. + 
13 San Miguel, Gto. + 
14 San Juan, Gto. + 
15 Celaya, Gto. + 
16 Cadereyta, Qro. + 
17 El Refugio, Gto. + 
18 Pabellon, Ags. + 
19 Texcoco, Mex. -

20 Texcoco, Mex. -

21 Texcoco, Mex. -

22 Texcoco, Mex. -

23 Toluca, Mex. -

24 Actuopan, Hgo. -

25 Actuopan, Hgo. -

26 El Colorado, Qro. -

27 Queretaro, Qro. -

28 Queretaro, Qro. 

+ Presence. 
- Absence. 



Infested Area 
Elevation 1600-2000 m 

Non-Infested Area 
Elevation below 1600 m 

and above 2000 m 

18 

13-17 

11-12^^^.19-2 

O1 

Figure 1. Alfalfa growing areas of Central Mexico sampled to determine the 
distribution of Phytophthora megasperma. 

ro 
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Table 3. Physical description of soils and areas in Central Mexico 
sampled for occurrence of Phytophthora megasperma. 

Sample 
Number Location 

Elevation 
m 

Average 
Annual 

Temp. 
°C Soil Texture 

1 Antunes, Mich. 400 26.0 clay 
2 Antunes, Mich. 400 26.0 loam 
3 Zacapu, Mich. 1,986 16.7 silt loam 
4 Zacapu, Mich. 1,986 16.7 clay loam 
5 Zacapu, Mich. 1,986 16.7 clay 
6 La Piedad, Mich. 1,695 19.9 clay loam 
7 Yurecuaro/Mich. 1,567 20.0 sandy clay loam 
8 La Piedad, Mich. 1,695 19.9 clay 
9 San Miguel, Gto. 1,700 20.6 sandy loam 

10 Queretaro, Qro. 2,000 16.8 clay 
11 Abasolo, Gto. 1,700 20.6 clay loam 
12 La Piedad, Mich. 1,695 19.9 sandy loam 
13 San Miguel, Gto. 1,700 20.6 sandy loam 
14 San Juan, Gto. 1,700 20.6 clay 
15 Celayo, Gto. 1,750 20.6 clay 
16 Cadereyta, Qro. 2,077 16.8 clay 
17 El Refugio, Gto. 2,000 * * 

18 Pabellon, Ags. 1,900 17.2 * 

19 Texcoco, Mex. 2,353 16.1 clay loam 
20 Texcoco, Mex. 2,353 16.1 * 

21 Texcoco, Mex. 2,353 16.1 * 

22 Texcoco, Mex. 2,353 16.1 clay loam 
23 Toluca, Mex. 2,675 12.7 sandy loam 
24 Actuopan, Hgo. 1,990 16.9 clay loam 
25 Actuopan, Hgo. 1,990 16.9 clay loam 
26 El Colorado, Qro. 2,000 16.8 clay loam 
27 Queretaro, Qro. 2,000 16.8 clay 
28 Queretaro, Qro. 2,000 16.8 clay loam 

*Data not available. 



similar to the one studied in Arizona in virulence. Inoculum levels 

(concentration of the organism in inoculum) were first considered. Three 

inoculum levels were studied. Analysis of the data on seedling survival 

showed highly significant differences among inoculum levels (Table A2). 

The percent of plant survival ranged from 84% in the uninoculated check 

to 5% with the high concentration of inoculum. Each increase in concen

tration of inoculum produced a significant decrease in number of 

surviving plants (Table 4). The high level of inoculum was considered 

severe enough to eliminate susceptible plants from the population and 

leave enough surviving plants for selection purposes and further study. 

The plant counts showed that approximately 15% of the seeds planted in 

the uninoculated checks did not produce seedling plants (Table 4). This 

could be due to a lack of 100% germination, or could be indicative of 

physiological effects on seed germination caused by the heavy rates of 

watering as all flats were watered until the soil was saturated. 

The second objective of these preliminary studies was to 

determine possible differences in level of virulence between strains of 

£_. megasperma isolated from soils collected in Central Mexico and fungal 

strains from Arizona. The first comparative study between the Bajio 

and the Arizona strain showed significant differences in pathogenicity 

(Table 5; Table A3). In this test, the Bajio strain was significantly 

more pathogenic than the Arizona strain. All cultivars were highly 

susceptible to the Bajio strain. None of the cultivars tested showed 

as high a level of resistance to the Bajio strain as the most susceptible 

cultivar did to the Arizona strain. Hayden PX-III was significantly 
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Table 4. Seedling survival of cultivar INIA-76 subjected to three 
levels of inoculum of Phytophthora megasperma Bajio strain. 

Level of Inoculumt Percent Survival 

High 4.5 a* 

Medium 22.7 b 

Low 72.8 c 

Checktt 84.4 c 

*Percent survival not followed by the same letter are different at 0.01 
probability level, according to Newman-Keul range test. 

tLevels high, medium, low, and check correspond to 27%, 80%, 97%, and 
100% transmittance reading on the Spectronic 20® scale. 

ttUninoculated soil medium. 
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Table 5. Seedling survival of six alfalfa cultivars inoculated with 
Phytophthora megasperma strains Bajio and Arizona. 

Phytophthora Strain 
Bajio Arizona 

Cultivars Percent Percent 

Hayden PX-III 1.50 a* 33.00 a* 

Puebla-76 0.50 a 10.00 b 

Certified Hayden 0.25 a 8.75 c 

Mixteca-76 0.25 a 4.75 cd 

Bajio-76 0.25 a 4.50 d 

INIA-76 0.25 a 3.75 e 

Average 0.50 B** 10.79 A 

•Percent survival not followed by the same letter are different at 0.01 
probability level, according to Newman-Keul test. 

**Percent survival in rows not followed by the same captial letter are 
significantly different at 0.01 probability level according to Newman-
Keul test. 
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different from the rest of the cultivars in response to the Arizona 

strain. This was expected since it had been developed by three cycles 

of phenotypic recurrent selection for resistance to this strain. The 

level of survival of the remaining cultivars indicated that they had a 

relatively low level of resistance to the Arizona strain. 

The second study was a comparison between two IP. megasperma 

strains from Central Mexico. The analysis of variance showed that both 

the Bajio strain and the Refugio strains were pathogenic. Significantly 

more plants survived the uninoculated check than survived exposure to 

these strains of the fungus. There was no difference in pathogenicity 

between the Bajio and Refugio strains (Table 6; Table A4). It can be 

assumed that the two isolates are either identical or at least similar 

in their pathogenicity. The Bajio strain was selected to continue with 

these studies. 

Selection of Plants Resistant to P. megasperma 

Another objective of this project was to determine the effect of 

selection for resistance to the Bajio strain of P_. megasperma, within . 

four alfalfa cultivars of Mexican origin, Certified Hayden, and Hayden 

PX-III. The analysis of variance showed highly significant differences 

among cultivars in their response to the Bajio strain (Table 7; Table A5). 

Although Hayden PX-III had only 27% survival, it was considered to have 

a low level of resistance because selection pressure was reduced to 

obtain an acceptable number of survivors to continue with the project. 

Puebla-76 was the second highest with 16.8% survival, and Mixteca-76 was 

the most susceptible cultivar in the test with 6.5% survival (Table 7). 
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Table 6. Seedling survival of cultivar INIA-76 inoculated with two 
strains of Phytophthora megasperma from the Bajio region of 
Central Mexico. 

Strain Percent Survival 

Bajio 

Refugio 

Check** 

6.5 a* 

5.3 a 

81.5 b 

•Percent survival not followed by the same letter are different at 0.01 
probability level according to Newman-Keul range test. 

**Uninoculated soil medium. 
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Table 7. Seedling survival of six cultivars inoculated with Phyto-
phthora megasperma strain Bajio. 

Cultivars Percent Survival 

Hayden PX-III 27.3 a* 

Puebla-76 16.8 b 

INIA-76 9.9 c 

Certified Hayden 9.1 c 

Bajio-76 8.5 c 

Mixteca-76 6.5 c 

•Percent survival not followed by the same letter are different at 0.01 
probability level, according to Newman-Keul range test. 



The number of selected resistant plants from each cultivar for 

further study is shown in Table 8. The greatest number of selected 

plants came from INIA-76, Hayden PX-III, and Puebla-76. These numbers 

were reduced for the progeny testing phase of the experiments because of 

low seed production in the crossing blocks (Table 8). Progeny of 

selected resistant plants from Hayden PX-III were generally more 

resistant than the parent population (Table 9). Eight of the 15 

selected lines had significantly more resistant plants than Hayden PX-III. 

The average percent survival of the selected population exceeded the 

parent population by 57%. 

Average plant survival after inoculation with the Bajio strain 

was slightly less in INIA-76 than in the Hayden PX-III population, 36.9% 

and 45.5%, respectively (Table 9; Table 10). However, 14 of the 15 

selected lines from INIA-76 significantly exceeded the parent population 

in number of surviving plants. The average of all selected lines 

exceeded the parent population by 170%. The amount of gain in this 

population was greater than in Hayden PX-III (Table 10). However, Hayden 

PX-III had been previously selected for resistance to the Arizona strain 

and had a higher average level of resistance to the Bajio strain than 

did INIA-76 (Table 9). • Most of the progeny lines selected from cultivar 

Puebla-76 were significantly more resistant than the unselected popula

tion, with only one line with less resistance than the check (Table 11). 

In lines selected from cultivar Bajio-76, only two were significantly 

more resistant than the check, but none had numerically less resistance 

than the check (Table 11). Superior plants from these evaluations were 
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Table 8. Number of plants selected from each genetic source after 
inoculation with Phytophthora megasperma Bajio strain and the 
number entered into the progeny test. 

Number Number 
Source Selected* Progeny Tested 

INIA-76 30 15 

Hayden PX-III 32 15 

Puebla-76 33 5 

Bajio-76 21 5. 

Certified Hayden 19 0 

Mixteca-76 19 0 

•Initial population consisted of 800 seed planted in inoculated soil. 
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Table 9. Seedling survival of intercross progeny originating from 
Hayden PX-III after inoculation with the Bajio strain of 
Phytophthora megasperma. 

Lines Survival Percent 

38** 

81** 

113** 

52** 

94** 

39** 

57** 

84** 

51** 

8** 

114** 

115** 

9 

6 

77 

Checkt 

Average of Lines 

Selection Progress 

60.3* 

55.0* 

54.0* 

53.3* 

52.3* 

50.3* 

47.7* 

47.7* 

47.3 

45.3 

45.0 

44.0 

33.7 

32.7 

29.7 

29.0 

45.5 

56.8 

*Lines significantly better than the parental check at 0.05 probability 
level according to L.S.D. = 11.05. 

**Lines selected to form cycle two. 
tUnselected Hayden PX-III population. 
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Table 10. Seedling survival of intercross progeny originating from 
INIA-76 after inoculation with the Bajio strain of 
Phytophthora megasperma. 

Lines Survival Percent 

97** 

34** 

147** 

I_12** 

98** 

1-15** 

15** 

4g** 

103** 

16** 

50 

i -n**  

102 

101** 

Checkt 

Average of Lines 

Selection Progress 

61.0* 

51.3* 

48.0* 

47.0* 

42.3* 

41.0* 

37.3* 

35.7* 

35.3* 

35.0* 

33.7* 

32.3* 

32.3* 

30.3* 

13.7 

36.9 

169.7 

*Lines significantly better than the parental check at 0.05 probability 
level according to L.S.D. = 11.05. 

**Lines selected to form cycle two. 
tUnselected INIA-76 population. 
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Table 11. Seedling survival of intercross progeny originating from 
cultivars Puebla-76 and Bajio-76 after inoculation with the 
Bajio strain of Phytophthora megasperma. 

Parent Source 
Puebla-76 Bajio-76 

Percent Percent 
Line Survival Line Survival 

85 24. .0* 134 16.0* 

24 24. .0* 133 14.0* 

44 19. .3* 30 9.0 

20 18. .0 136 8.8 

Checkt 8. .3 93 7.8 

66 6. .0 Checktt 6.8 

Average of Lines 16. .6 10.4 

Selection Progress 100. .9 53.7 

*Lines significantly better than the parental check at 0.01 probability 
level according to Newman-Keul range test. 

tUnselected Puebla-76 population. 
ttUnselected Bajio-76 population. 
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again intercrossed within parental sources to create selected material 

for the second cycle of selection for resistance. 

Selection Progress 

Data comparing the levels of Phytophthora resistance in the 

parental populations, cycle 1, and cycle 2 of selection, showed that 

significant gains had been made in each selection cycle in INIA-76. In 

the Hayden PX-III population, no gain was detected in the first cycle 

of selection at the 0.01% probability level. However, at the 0.05% 

level, there were significant gains in each cycle of selection (Table 12). 

The selection progress in the INIA-76 population was 300% after two 

cycles, and 139% in the Hayden PX-III population. The actual percent . 

plant survival in the second cycle of selection was 23% in INIA-76, and 

31% in Hayden PX-III. The nationally recognized resistant check cultivar 

Agate has averaged about 50% resistant plants in Phytophthora tests 

conducted in Minnesota (14). For plant survival in this study to be 

comparable to percent of resistant plants in the Minnesota studies, one 

or two additional cycles of selection will be required. 
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Table 12. Seedling survival and selection progress for Phytophthora 
megasperma from two selection cycles in populations derived 
from cultivars INIA-76 and Hayden PX-III. 

INIA-76 

Cycle 
Percent 
Survival 

Parent Source 
Hayden PX-III 

Cycle 
Percent 
Survival 

Ot 5.6 a* Ot 12.8 a* 

1 12.2 b 1 15.8 a 

2 22,8 c 2 30.6 b 

Progress 307.0 139.0 

*Percent survival not followed by the same letters are different at the 
0.01 probability level according to Newman-Keul test. 

tUnselected population. 



SUMMARY AND CONCLUSIONS 

Alfalfa root rot diseases are one of the major factors respon

sible for reduction of yield and longevity of alfalfa in Central Mexico. 

Sixty-five percent of the total alfalfa area of the country is in this 

region. Cultivars INIA-76, Bajio-76, Puebla-76, and Mixteca-76 were 

registered in 1976 and are well-adapted to this area. However, all are 

considered susceptible to root rot diseases. 

Phytophthora megasperma Drechs. was isolated from soil collected 

from different locations of this area. The pathogenicity of strains 

isolated from Mexico were compared with strains from Arizona. Also, 

pathogenicity between strains from similar locations in Mexico were 

compared. Cultivars INIA-76, Bajio-76, Puebla-76, Mixteca-76, Certified 

Hayden, and Hayden PX-III were screened in the greenhouse in Tucson, 

Arizona, for resistance to P_. megasperma strain Bajio, and resistant 

plants were selected. Populations from each cultivar were transplanted 

in the field in crossing blocks, caged, and intercrossed using honeybees 

as pollinators. Seed from individual plants were harvested, threshed, 

and cleaned. Progeny from selected plants were evaluated in the green

house, and superior plants were selected and transferred to the field in 

crossing blocks to produce the next generation. 

Selection progress was evaluated by comparing the unselected 

population, cycle 1, and cycle 2 of selection from cultivars INIA-76, 

and Hayden PX-III. 

35 
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The following results were obtained: 

1. P_. megasperma occurred in alfalfa areas of Central Mexico at 

elevations between 1600 and 2000 m. 

2. High inoculum concentrations increased the severity of the Phyto-

phthora disease on alfalfa. 

3. All cultivars tested were susceptible to the P_. megasperma Bajio 

strain. 

4. Cultivars differed in their disease reaction to the Bajio strain. 

5. Greater selection progress was made in the cultivar INIA-76. 

6. Selection progress after two cycles of recurrent selection increased 

the level of resistance to the F\ megasperma Bajio strain. 

7. Two or more cycles of selection are needed to raise the level of 

resistance believed necessary for commercial production of alfalfa 

in Phytophthora-infested soils of Central Mexico. 



APPENDIX A 
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Table AT. Soil analysis of samples collected in alfalfa fields of 
Central Mexico. 

Sample Percent Percent Percent 
Number Clay Sand Silt 

1 52.34 22.27 25.39 
2 15.51 47.77 36.72 
3 25.71 25.60 48.69 
4 28.76 27.25 43.98 
5 58.50 20.45 21.06 
6 36.56 35.09 28.34 
7 30.25 29.06 20.69 
8 42.89 24.91 32.20 
9 7.21 70.18 22.60 

10 5.281 33.39 13.80 
11 36.56 38.66 24.77 
12 7.75 73.69 18.55 
13 18.71 62.28 19.01 
14 43.05 24.05 27.90 
15 53.48 26.63 19.89 
16 50.91 33.39 15.70 
17 * * * 

18 * * * 

19 37.47 33.39 29.14 
20 * * * 

21 * * * 

22 29.20 39.13 31.67 
23 11.39 67.34 21.27 
24 19.77 49.06 31.17 
25 27.49 37.26 35.25 
26 35.24 36.55 28.20 
27 49.24 18.53 32.24 
28 28.59 29.65 41.76 

*Data not available. 
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Table A2. Analysis of variance of percent (arcsin transformation) 
seedling survival from cultivar INIA-76 subjected to three 
levels of inoculum of Phytophthora megasperma Bajio strain. 

Source of 
Variation D.F. S.S. M.S. F 

Total 15 8,965.15 597.67 

Blocks 3 364.88 121.63 

Levels 3 8,352.10 2,784.03 100.96** 

Error 9 248.17 27.57 

••Significant at P = 0.01 probability level. 
C.V. = 13%. 
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Table A3. Analysis of variance of percent (arcsin transformation) 
seedling survival of six cultivars inoculated with Phyto-
phthora megasperma strains Bajio and Arizona. 

Source of 
Variation D.F. S.S. M.S. F 

Blocks 3 496.68 265.56 

Fungal Strains. 2 48,377.90 24,188.95 646.94** 

Error (a) 6 224.31 37.39 

Cultivars 5 939.37 187.87 7.02** 

Interaction SxC 10 1,275.34 127.53 4.76** 

Error (b) 45 1,205.05 26.78 

Total 71 52,518.65 

••Significant at P = 0.01 probability level. 
C.V.(a) = 23%. 
C.V.(b) = 19%. 
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Table A4. Analysis of variance of percent (arcsin transformation) 
seedling survival of INIA-76 inoculated with two strains of 
Ph.ytophthora megasperma from Central Mexico. 

Source of 
Variation D.F. S.S. M.S. F 

Total 11 8,800.94 

Blocks 3 432.39 144.13 

Fungal 
Strains 2 7,909.13 3,954.57 51.65** 

Error 6 459.42 76.57 

••Significant at P = 0.01 probability level. 
C.V. = 30%. 
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Table A5. Analysis of variance of percent (arcsin transformation) 
seedling survival of six cultivars inoculated with Phyto-
phthora megasperma strain Bajio. 

Source of 
Variation D.F. S.S. M.S. F 

Total 47 3,640.40 

Blocks 7 1,254.52 179.22 

Cultivars 5 1,804.08 360.82 25.71** 

Error 35 581.80 16.62 

**Significant at P = 0.01 probability level. 
C.V. = 21%. 
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